INTRODUCTION {#s1}
============

Exercise tolerance generally decreases in patients on hemodialysis (HD) who have diminished musculoskeletal muscle strength and muscle atrophy, reduced muscle blood flow distribution, a decline in cardiopulmonary function, and severely reduced activities of daily living. Previous studies have found that a low level of physical activity (PA) affects physical function, and it has psychological effects that influence the prognosis for survival[@r1],[@r2],[@r3],[@r4]^)^.

Recently, exercise intervention and high levels of PA have been recommended for patients on HD. Studies have found that these are effective for improving exercise tolerance (i.e., an increased maximum oxygen uptake and anaerobic threshold), pulmonary function (i.e., a lower ventilatory volume at a given submaximal load intensity), cardiac function (i.e., a lower heart rate at a given submaximal load intensity), coronary risk factors (e.g., a lower systolic blood pressure, higher high-density lipoprotein cholesterol level, and lower neutral fat level), and survival prognosis and for preventing the progression of coronary artery stenotic lesions[@r1], [@r5],[@r6],[@r7],[@r8],[@r9],[@r10],[@r11]^)^. Although a high level of physical exercise exerts a wide range of beneficial effects, it has so far been difficult to improve the low level of PA in patients on HD. Patients with low levels of PA tend to be elderly women who possess factors that are strongly correlated with diabetes and atherosclerosis[@r9]^)^.

Particularly, helping such patients maintain a high level of PA is an issue given their level of physical function, and it requires an approach that takes activity patterns, psychological factors, and environmental adjustments into account. In recent years, many elderly patients above 60 years old have started to undergo dialysis treatment above 60 years old, or they have been undergoing dialysis treatment, in addition to those who for a long time (since a young age). As the number of elderly patients on HD increases, it is important to maintain appropriate PA to protect against decreases in physical function and activities of daily living function caused by disuse in daily life. However, in Japan, rehabilitation is not targeted at patients on dialysis during medical treatment. Many patients on dialysis do not readily participate in exercise classes at fitness clubs or communities because of dialysis treatment; consequently, they miss the opportunity to exercise or receive instruction. As there is a lack of a good exercise environment for elderly patients on HD, a large amount of motivation is required to engage such patients in PA. Moreover, elderly patients on HD tend to have low participation in social activity, and they mostly stay indoors, which further reduces their physical levels of PA. In elderly patients on HD, the amount and intensity of PA are important. Many previous studies, however, have focused solely on the amount of PA in terms of the number of steps taken by patients on HD per day, and few have addressed the level of everyday activities that patients on HD are engaged in or their attitudes toward exercise and their state of psychological preparedness. Assessing the activity patterns of patients on HD with a focus on their PA levels and determining their attitudes toward exercise may enable the establishment of support methods that are best suited to raising their levels of activity. The current study aimed to identify the characteristics of elderly patients on HD and their attitudes toward exercise and to ascertain their everyday activity levels by using a PA monitor.

SUBJECTS AND METHODS {#s2}
====================

The protocol for the research project conformed to the provisions of the Declaration of Helsinki (as revised in Tokyo in 2004). A researcher described the research purposes, methods, risks, and benefits to the participants. Then consent was obtained for the research study, and a questionnaire to collect personal information was administered to the subjects. There are no conflicts of interest to declare. Subjects were recruited from amongst outpatients who visited two institutions in Japan: a hospital and clinic that specialize in HD treatment. The inclusion criteria were age ≥60 years, 4 h of HD 3 times/wk renal disease, and HD for \>12 wk.

To measure PA, subjects wore an accelerometer (Kenz Lifecorder EX 4s version; measurement interval) to evaluate the amount of PA they performed for 1 wk, and their number of steps and level of exercise were calculated. They were obligated to wear the device at all times other than in the bath. The imported values for exercise level obtained from the accelerometer included periods in which no activity was recorded, and these periods treated as periods of inactivity. The levels of activity were as follows: PA intensity \<1, sedentary behavior (SB); 1--3, light-intensity activity (LPA); 4--5, moderate-intensity activity (MPA); and 6--9, vigorous-intensity activity (VPA).

The survey on attitudes toward exercise covered the subjects' psychological state with respect to exercise based on the Transtheoretical Model[@r10]^)^ (a five-stage model comprising precontemplation, no interest at all; contemplation, interested but not yet taking action; preparation, engaging in exercise on an irregular basis; practice, having engaged in continued regular exercise for \<6 months; and maintenance, having engaged in regular exercise for at least 6 months and acquired the habit of exercising). Items related to their exercise habits (whether they engaged in habitual exercise and the type, frequency, and period for which it was continued) and motivation for exercise (assessed on a four-point scale of agree, somewhat agree, somewhat disagree, and strongly disagree) and items concerning awareness of the need for and the effects of exercise, negative attitudes toward exercise, previous experience of exercise, and wish for instruction about exercise by medical staff (yes/no answers) were evaluated.

Regarding the analytical methods, accelerometer data were used to calculate the mean time per day spent at each level of PA (inactivity, SB, LPA, MPA, and VPA). The number of steps and time spent at each level of exercise were also calculated separately for each subject on HD and non-HD days. Two-way factorial analysis of variance (ANOVA) was performed with HD/non-HD days and activity levels as independent variables and activity time as the dependent variable. Bonferroni's method was used for multiple comparisons. The frequencies and percentages of the responses to survey on psychological state were calculated.

RESULTS {#s3}
=======

The Subjects were three men (age, 68.7 ± 2.3 years; height, 163.7 ± 1.2 cm; weight, 58.8 ± 5.0 kg; and dialysis history: 4.6 ± 2.1 years) and seven women (age, 65.3 ± 6.6 year; height, 152.7 ± 3.7 cm; weight, 52.4 ± 11.6 kg; and dialysis history, 2.1 ± 1.3 years).

The data of 8 subjects for whom no data were missing were used to calculate the PA levels as the main outcome of this study. In 2 cases with immeasurable levels, the accelerometer did not respond to the level of movement during walking even though the subjects were capable of walking independently.

The number of steps was 2,805.1 ± 1,742.0 on HD days and 4,717.0 ± 2,991.6 on non-HD days (p = 0.069, effect size (ES) = −0.64), and the difference was not significant ([Table 1](#tbl_001){ref-type="table"}Table 1.Physical activity intensity levels on the dialysis and non-dialysis daysDialysis dayNon-Dialysis dayMeanMedianSDMeanMedianSDSteps (steps)2,805.12,428.31,742.04,717.04,604.72,991.6Inactivity (min)792.5720.4315.8610.4599.4253.7SB (min)557.8639.5282.3619.4811.5268.8LPA (min)20.920.910.332.934.019.7MPA (min)7.72.210.511.45.114.7VPA (min)0.70.21.51.20.21.3SB: sedentary behavior; LPA: light-intensity physical activity; MPA: moderate-intensity physical activity; VPA: vigorous-intensity physical activity). The mean number of steps was lower for HD elderly Japanese patients than for non-HD elderly Japanese patients (men, 7,303 steps, and women, 6,705 steps).

To verify whether there was a significant difference between exercise levels on HD and non-HD days, two-way factorial ANOVA was performed with HD/non-HD days and activity levels as independent variables, and activity time as the dependent variable ([Tables 1](#tbl_001){ref-type="table"} and[2](#tbl_002){ref-type="table"}). This showed a significant interaction (F \[4, 28\] = 6.0, p \< 0.001, n^2^ = 0.46). A test of the simple main effect for each level showed that it was not significant for HD/non-HD days (F \[1, 70\] = 0.72, p = 0.79, n^2^ = 0.01). The simple main effect was significant for the activity level (F \[4, 70\] = 68.9, p \< 0.01, n^2^ = 0.79), and a multiple comparison test showed significant correlations between inactivity and LPA, MPA, and VPA and between SB and LPA, MPA, and VPA. However, there was no significant correlation between inactivity and SB, or between LPA, MPA, and VPA.

The survey on attitudes toward exercise showed that 5 subjects (50.0%) were in the precontemplation stage, 3 (30.0%) were in the contemplation stage, and 2 (20.0%) were in the practice stage and in the habit of engaging in regular exercise ([Table 2](#tbl_002){ref-type="table"}Table 2.Results concerning psychological staten=10%TTM stagePrecontemplation550.0Contemplation330.0Practice220.0Ex habitYes220.0No880.0Habitual ex typeGroup ex1Walking1Habitual ex frequency/wOver 3 days110.02 days110.0None880.0Habitual ex durationOver 1 year110.01−6 months110.0Less than 1 month880.0Motivation for exAgree550.0Somewhat disagree550.0Awareness of the need for exAgree550.0Somewhat agree550.0Negative attitude toward exAgree110.0Somewhat agree660.0Somewhat disagree220.0Disagree110.0Effect of exAgree550.0Somewhat550.0Previous experience of exYes770.0No330.0TTM: Transtheoretical Model; ex: exercise). Motivation to exercise and awareness of the need to exercise was high in 5 subjects (50.0%) and low in 5 (50.0%). Seven subjects (70.0%) disliked exercise and thought of it as too much trouble. Seven subjects (70.0%) had previous experience with exercising.

DISCUSSION {#s4}
==========

The purpose of this study was to ascertain the characteristics of the PA levels and attitudes toward PA of elderly patients on HD. We found that their mean number of steps per day was lower than the reference value for non-HD elderly individuals. Additionally, although there was no significant difference in the numbers of steps or activity levels on HD and non-HD days, the time spent in inactivity was long on both days, and most activity was SB. Over 80.0% of the subjects were not in the habit of exercising, and although 70.0% had previous experience with exercising, their awareness of the need to exercise was now low (50.0%); additionally, they tended to harbor negative feelings about exercising (70.0%).

The decline in physical function seen in patients on HD was due to the effect of chronic renal failure and the fact that they were leading sedentary lifestyles, with low levels and intensities of exercise, which is also an important factor. In a previous study of PA, 795 (35.1%) of among 2,264 patients on HD in the United States, were not engaged in any type of PA or exercise[@r2]^)^. A follow-up investigation of those patients 1 year later found that heart disease and peripheral complications were more frequent among those who had not engaged in exercise or PA, and the risk of death after 1 year was 1.62 times higher than that of those who did engage in exercise or PA. A 10 year follow-up study of patients who engaged in regular aquatic exercise and those who were inactive also found that mortality was higher for patients on HD[@r13]^)^.

In terms of patterns of PA, there were no great differences in the average values on HD and non-HD days, but the absence of a difference in the number of steps may have been due to the wide standard deviation. In a previous study of PA on HD and non-HD days, Majchrzak et al.[@r12], [@r14], [@r15]^)^ showed that patients on HD had particularly low activity levels on HD days. They found that factors contributing to the decrease in PA on HD days included HD-induced fatigue and postural hypotension[@r14], [@r16]^)^. Patients on HD also spend about \>10 h/wk in treatment-associated rest, hemostasis after HD, and post-HD fatigue with a low blood pressure. Focusing on the activity intensity patterns in this study, subjects spent the longest amount of time inactive, and even when they were active, the time spent in SB, which involved sitting or a similar activity, was extremely long on both HD and non-HD days. This indicated that patients on HD generally lead an inactive, sedentary lifestyle. Johansen et al.[@r17]^)^ used accelerometry to measure activity levels in patients on HD over a 1-wk period and showed that patients on HD had significantly lower levels of activity than those of healthy individuals who were leading a sedentary lifestyle. Guidelines in many countries, Japan included, recommend that elderly people take at least 6,000 steps a day and engage in around 15 min of moderate PA, but patients on HD do not achieve this even on non-HD days.

The length of these periods of inactivity and bed rest minimizes the effect of gravity, meaning that gravity-resisting muscles are not subjected to gravity for continued periods, resulting in inactivity. Thus, they develop disuse muscle atrophy, which reduces muscle strength, generating a vicious cycle whereby declining physical function factors and PA exert a negative effect on each other[@r15], [@r16], [@r18], [@r19]^)^. Patients on HD are therefore recommended to be proactive in raising their levels of PA and incorporating exercise therapy. However, the question of the extent to which the PA of patients on HD can be increased is an important one. As shown by subjects in this study, patients on HD may have a low awareness of exercise, and even if they do regard it as necessary, they may not engage in it due to negative attitudes.

A wide range of intervention methods are now being used to encourage PA by patients on HD, including intervention on non-HD days and before and during HD, as well as the use of home exercises. Many patients on HD also have complications and may be worried about heart failure or hypertension immediately before HD and postural hypertension immediately after HD. Thus, it is necessary to encourage PA that is best suited to each individual. Counseling and efforts on the part of staff involved in HD to encourage patients on HD to increase their levels of regular physical exercise are also required[@r5]^)^. The present findings also suggested that patients on HD are looking for support from medical staff. According to Bennett et al.[@r6], [@r20]^)^, specialist staff and encouragement and commitment on the part of medical staff are factors that contribute to a successful continuous program. For medical staff, possessing the appropriate knowledge is also a factor that helps increase the level of physical exercise in patients on HD. Improving the level of physical exercise has been shown to have a beneficial effect on mental health and physical function[@r16], [@r21]^)^, and intervention through appropriate PA may provide the impetus for patients on HD to generate a virtuous circle.

This study only included a small number of subjects, and thus we did not attempt to elucidate a causal relationship between PA and body strength characteristics. Patients on HD with low levels of PA, however, reportedly also have poor physical function, exercise tolerance, and survival prognosis[@r22]^)^. In addition, this study focused on intensity rather than the number of steps. As may be understood from the results of this study, it is significantly difficult for patients to exercise on their own in the absence of exercise instructors due to their low motivation for exercise. In recent years, from the perspective of health-related behavioral science[@r23]^)^, however, emphasis has been placed on eliminating negative factors, such as reducing sitting time daily and changing patterns of inactive time (i.e., sitting behavior), rather than on positive factors for improving PA by promoting exercises, as was the case in this study. Thus, changing the daily PA pattern is important for patients on HD. Therefore, appropriate PA guidance is required, especially at medical institutions without stationed specialists to help with exercise. In the 2 cases with immeasurable PA levels in this study, the accelerometer did not respond to the levels of movement during walking even though the patients could walk independently. Determining indexes of the amount of physical exertion for patients on dialysis is important. Furthermore, a comprehensive care program that includes guidance on improving PA and the psychosocial aspects of exercise is needed.
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